Abstract: This study examines the sustainability of financial integration between China (represented by Shenzhen and Shanghai) stock markets and Hong Kong stock market over the period of pre and post launch of the Stock Connect Scheme. This paper aims to fill the gap in the financial literature by providing empirical research on the dynamics of the financial integration process, and examining the sustainability of financial integration among the three Chinese stock markets. We apply cointegration and both linear and nonlinear causalities to investigate whether the Shanghai-Hong
Introduction
Stock market integration is an area of considerable interest and debate among academics and market practitioners. With regard to mainland China, where there has been continuous financial reform in terms of market deregulation and an aggressive pro-growth strategy, integration with neighboring markets has intensified, and whether integration can sustain better, in particular with Hong Kong. Given their economic similarities, the financial integration of mainland China's stock markets, Shanghai and Shenzhen, and that of Hong Kong has made remarkable progress over the past 10 years. In 2002 and 2006, the China Securities Regulatory Commission (CSRC) took to the airwaves, preempting the global practices and investors. It is a promising sign of push for reform to increase foreign investors' access to China's capital markets. Each of these moves had broader significance for ensuring a continue development and sustainable growth through policy reforms.
In this study, we use cointegration, linear and nonlinear causalities to investigate whether the Shanghai-Hong Kong Stock Connect has any impact on the market capitalizations and market indices of the Hong Kong, Shanghai, and Shenzhen markets. Our study deviates from the time series of the literature, which primarily examine nonlinear causal relationships using nonlinear causality tests. The nonlinear causality test can detect a nonlinear deterministic process that originally "looks" random. The nonlinear causality test used in the current study could be considered a complementary test for the linear causality test because the latter cannot detect a nonlinear type of causal relationship. The nonparametric approach adopted in this study can capture the nonlinear nature of the relationship between stock markets. The approach would not be mis-specified if the two variables, market capitalization and market index, are related nonlinearly or if regime changes (structural breaks) occur due to a crisis. We will discuss this issue further in the methodology section.
The remaining of the paper is structured as follows. Section 2 provides background information on the Shanghai-Hong Kong Stock Connect scheme. In Section 3, we present a review of the relevant literature regarding financial integration. The limitations of these studies are also noted. Section 4 describes the data and the methodology. The empirical results regarding both linear and nonlinear causality among various stock markets are discussed in Section 5. Section 6 concludes the paper.
Characteristics of the Shanghai-Hong Kong Stock Connect
The year 2015 marked a breakthrough in the Chinese and Hong Kong stock markets. The implementation of the Shanghai-Hong Kong Stock Connect allowed international investors direct access to the Shanghai stock market through the Hong Kong Stock Exchange. This initiative enables northbound and southbound trading within aggregate quotas of RMB300 billion and RMB250 billion, respectively. The quotas are calculated on a netting basis at the end of each trading day. Under the scheme, the daily quotas set a limit for daily net buy value of cross-boundary trades. The northbound daily quota is around RMB13 billion, while the southbound daily quota is around RMB10.5 billion. Under the scheme, except B-shares and shares included on the Risk Alert Board, investors can trade certain stocks listed on the Shanghai Stock Exchange that are not included as constituent stocks of the relevant indices but have corresponding H-shares listed in Hong Kong. The scheme also indicates that only mainland institutional investors and individual investors who have RMB500,000 in their accounts are allowed to trade stocks of the Hang Seng Composite Large Cap Index and Hang Seng Composite MidCap Index together with all H-shares that are not stocks of the relevant indices but have corresponding A-shares listed in Shanghai, except for those not traded in Hong Kong dollars and H-shares that are not listed in Shanghai. The Shanghai-Hong Kong Stock Connect helps to create a "single" stock market that ranks as the second and third largest worldwide in terms of market capitalization and turnover value respectively.
Literature Review
The first study in this area date back to the late 1980s and early 1990s, which apply the cointegration model to study the relationship between two stock markets [4, [8] [9] [10] . Following this research, a substantial number of studies have focused on the degree of integration among different markets within geographic regions and the connections between international markets. The study on international stock-price linkages and co-movements of fundamentals within a multivariate cointegration framework finds that a common stochastic trend in the US, Canada, Germany, Japan, and the UK [11] . While studying the stock market linkages of a group of Pacific-Basin countries with US and Japan by estimating the multivariate cointegration model, it is suggested that the relaxation of the restrictions might have strengthened international market interrelations [12] . Furthermore, the four markets in Latin America (Argentina, Brazil, Chile, and Mexico), together with the US stock market, have significant permanent components that cause cointegration in the long run [13] . In other direction, the transmission of shocks between the U.S. and foreign markets to delineate interdependence from contagion of the US financial crisis by constructing shock models for partially overlapping and non-overlapping markets is examined [14] . The center of gravity within stock market integration studies has also moved from the markets in the Western hemisphere to the market linkages in Asian emerging markets, particularly for the periods before and after the 1997-98 Asian financial crisis. For example, the dynamic linkages of Asian stock markets before and after the crisis are examined. It is revealed that the relationships among East Asian stock markets are time-varying; for instance, Hong Kong and Singapore responded significantly sooner to the financial turmoil that was occurring in most Asian markets. More importantly, the empirical findings about the degree of stock market integration vary [15] [16] [17] [18] . The linkages among the Southeast Asian stock markets are examined too and it is found that no evidence of a long-term relationship among the stock markets from 1988 to 1997; however, the degree of integration increases when the author conducts a correlation analysis. The results show that the returns of Indonesia, the Philippines, and Thailand were closely affected by the Singaporean market [19] . The long-term equilibrium relationships and short-term causality effects among stock markets in the US, Japan are investigated, and 10 other Asian economies, including Hong Kong, from January 1995 to May 2001. It is found that cointegration relationships both before and after the Asian financial crisis. Further, it is concluded that the degree of integration within the region increased after the crisis [20] . The degree of financial integration among selected East Asian countries from 1988 to 2006 by applying the panel unit root and cointegration approach is investigated too. The results show that high-income countries have better financial integration than middle-income countries and the sustainability of financial integration is better for high-income countries than middle-income countries [21] . The stock market integration in Asia is examined and it is found that the degrees of integration between mature and emerging equity markets differ. It is also shown that individual stock markets in Asia are more sensitive to regional events compared with global events. The difference in mature and emerging equity markets is mainly due to political, economic, and institutional issues [22] . As we can see, the above studies have a common characteristic: the comparisons are focused on different nations from a cross-country border perspective. Moreover, few studies have investigated different economies within China. The current study focuses on this less-visited field and fills the gap in the literature.
Nevertheless, there are a few related studies. The causal linkages among the Shanghai, Shenzhen, and Hong Kong stock markets are examined and it is found that the stock index series is non-stationary and that cointegrating vectors and error correction models do not exist for the index series. It is concluded that Granger causality shows a positive feedback mechanism from Shenzhen to Shanghai, while Hong Kong causes volatility in Shanghai but not vice versa [23] . By employing the daily values of the stock-price indices for the Shanghai, Shenzhen, and Hong Kong markets from 1992 to 2002, potential gains of intermarket timing for Hong Kong investors are found [24] . The financial integration in the Greater China region (China, Taiwan, and Hong Kong) is examined, it is indicated that a trend of increasing financial interaction in the region [25] . The China's A-share market and Hong Kong's stock market are closely integrated; however, there is little evidence to link them to the world market [26] [27] [28] . A similar study shows that at the time of their research, there was a spillover effect between the markets in the region and that the Chinese market was affected by its neighbors [7] .
The impact of the Shanghai-Hong Kong Stock Connect is examined by using a pairwise linear causality test to check linear causal relationships between the closing prices of the SSE Composite Index and the Hong Kong Hang Seng Index (HSI). The authors find that the SSE takes a leading role after the implementation of Stock Connect Scheme [29] . The A-and H-share premium puzzle is investigated from the perspective of the effect of the Shanghai-Hong Kong Stock Connect policy. It is shown that the Shanghai-Hong Kong Stock Connect policy is effective at reducing the A-and H-share price gap [30] . A model of trading costs to consider the effect of the introduction of the Shanghai-Hong Kong Stock Connect is applied. It is found that the SSE, which may have had lower trading costs than those of the Hong Kong Stock Exchange, seems to have developed higher trading costs in the period leading to the Stock Connect's introduction [31] . The variations in dependence and risk spillover between Chinese and London stock markets before and after Shanghai-Hong Kong Stock Connect and Shenzhen-Hong Kong Stock Connect are investigated, it is found that Shanghai-Hong Kong Stock Connect program enhances the dependence between Chinese and London stock markets, while the overall dependence decreases slightly after the Shenzhen-Hong Kong Stock Connect program [32] .
Data and Methodology

Data Description
We use the daily stock market capitalizations and market indices of Hong Kong, Shanghai, and Shenzhen from January 2005 to December 2016, a total of 2817 observations. The data employed in the analysis is obtained from Bloomberg Financial Services. The data is divided into the following two data sets: 1) the "before" period from January 2005 to November 2014, which is the period before the Shanghai-Hong Kong Stock Connect, and 2) the "after" period from November 2014 to December 2016, which is the period after the Shanghai-Hong Kong Stock Connect. The starting point in 2005 marked an important milestone for Chinese stock market reform because it was then that China started changing its state-owned securities into tradable shares. Table 1 shows the descriptive statistics for the three markets before and after the introduction of the Shanghai-Hong Kong Stock Connect. Hong Kong has the largest market capitalization and market index in both periods. The Shanghai stock market has the largest standard deviation for market capitalization and Hong Kong has the largest standard deviation for market index. In addition, market capitalization and market index are skewed in both periods. Excess kurtosis is deemed to be kurtosis greater than 3 for both of the variables and all markets, except for the variables of Hong Kong and Shenzhen in the "before" period and Hong Kong's market index in the "after period." We use the Jarque-Bera (JB) test to examine whether the data are normally distributed. Both market capitalization and market index are rejected to be normally distributed in both of the periods and all markets. 
Methodology
Cointegration
We conduct bivariate and multivariate cointegration for our variables. In order to estimate the long-run relationship between and , we first employ the following simple cointegration:
where represents either the Hong Kong stock index or its market capitalization, represents either the stock index or its market capitalization in Shanghai or the Shenzhen stock markets, and is the residual for = 1, … , . The test examines the residuals in regression (1) of I (1) variables. If and are I (1) and cointegrated, is I (0). This finding means that the error term is stationary. Integration implies that a long-term linear relationship exists between series and .
In order to establish whether there is any cointegration relationship between the two vectors of the time series, we use three variables: = ( 1, , 2, )′ and = ( )′, where represents either the Hong Kong stock index or its market capitalization, 1, represents either the Shanghai stock index or its market capitalization, and 2, represents either the Shenzhen stock index or its market capitalization. If all the variables ( 1, , 2, , ) are integrated in degree one, academics and practitioners will be interested to examine whether any cointegration relationship exists among them. In order to analyze this issue, we employ the Johansen cointegration test to estimate the cointegrating vectors [33] [34] [35] . According to Johansen's procedure, the p-dimensional unrestricted vector autoregression (VAR) model should be first specified with k lags as follows:
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Methodology
Cointegration
We conduct bivariate and multivariate cointegration for our variables. In order to estimate the long-run relationship between x t and y t , we first employ the following simple cointegration:
where y t represents either the Hong Kong stock index or its market capitalization, x t represents either the stock index or its market capitalization in Shanghai or the Shenzhen stock markets, and e t is the residual for t = 1, . . . , T. The test examines the residuals in regression (1) of I (1) variables. If x t and y t are I (1) and cointegrated, e t is I (0). This finding means that the error term is stationary. Integration implies that a long-term linear relationship exists between series x t and y t . In order to establish whether there is any cointegration relationship between the two vectors of the time series, we use three variables: x t = (x 1,t , x 2,t ) and y t = (y t ) , where y t represents either the Hong Kong stock index or its market capitalization, x 1,t represents either the Shanghai stock index or its market capitalization, and x 2,t represents either the Shenzhen stock index or its market capitalization. If all the variables (x 1,t , x 2,t , y t ) are integrated in degree one, academics and practitioners will be interested to examine whether any cointegration relationship exists among them. In order to analyze this issue, we employ the Johansen cointegration test to estimate the cointegrating vectors [33] [34] [35] . According to Johansen's procedure, the p-dimensional unrestricted vector autoregression (VAR) model should be first specified with k lags as follows:
where Z t = [x 1,t , x 2,t , y t ] is a 3 × 1 vector of stochastic variables, D t is a vector of dummies, and A i is an n × n matrix. If U t is found to be a vector of I (0) residuals, a vector error correction model (VECM) could be constructed as follows:
The hypothesis of cointegration is formulated as a reduced rank of the Π matrix. If the rank of Π (r) is less than or equal to 2, such that Π = αβ and ΠZ t−1 ∼ I(0), r cointegrating vectors exist in β and the last (3-r) columns of the speed adjustment coefficients or loadings in α are zero [10] . Therefore, the matrix β Z t constitutes r cointegrating equations and β Z t−1 represents r disequilibrium error terms.
In order to conduct the cointegration test, we employ the likelihood ratio (LR) reduced rank test for the null hypothesis of, at most, r cointegrating vectors, which is given by the trace statistic, λ trace . Moreover, the null hypothesis of r against the alternative of r-1 cointegrating vectors is known as the maximal eigenvalue statistic, λ max , as shown in the following:
where λ i > . . . > λ 3 denotes three eigenvalues of the corresponding eigenvectors.
Linear Granger Causality
If two I (1) vectors, x t and y t , are cointegrated, the following error-correction mechanism (ECM) should be used to test Granger causality between the variables of interest:
where ecm t−1 is lag 1 of the error correction term, α x[2×1] and α y[1×1] are the coefficient vectors for the error correction term ecm t−1 , and ∆x t = (∆x 1,t , ∆x 2,t ) and ∆y t = (∆y t ) are the corresponding stationary differencing series. There are now two sources of causation of y t (x t ) by x t (y t ), either through the lagged dynamic terms, ∆x t−1 (∆y t−1 ), or through the error correction term, ecm t−1 . Thereafter, the null hypothesis, H 0 :A xy (L) = 0 H 0 : A yx (L) = 0 and/or H 0 :α x = 0 H 0 : α y = 0 , can be tested to identify the Granger causality relationship using the LR test. We will discuss testing the null hypotheses,
: A yx (L) = 0, when two I (1) vectors, x t and y t , are not cointegrated. However, if two I (1) vectors, x t and y t, are not cointegrated, the following VAR model should be used to test Granger causality between the variables of interest: implies that x t and y t are not rejected as independent [36] [37] [38] .
Nonlinear Granger Causality
The linear Granger causality test discussed in Section 4.2.2 is based on the assumption that the relationship between the variables is linear. In order to further investigate whether any nonlinear relationship exists between vectors x t and y t , we conduct a nonlinear causality test [36, 37] . Evidence of nonlinear relationships between stock markets is found in various studies. For example, The evidence of significant nonlinear dependence in stock markets is found [39, 40] . It is explained that the complex and chaotic dynamics are likely to emerge in different parts of an economic system [40] . Further, the pattern between different objectives may appear random following many statistical tests; however, a more effective result may be achieved by using tests that consider the possibility of a nonlinear pattern. Therefore, some nonlinear models have been developed in studies relating to economics and finance. For example, it is noticed that the nonlinear structure in stock-price movements is motivated by asset behavior that follows nonlinear models [41] . A nonparametric test is developed to detect the nonlinear causal relationship between two variables [42] . The nonlinear causality test to the multivariate setting is extended [36, 37] , and the test is further extended to panel data [38] . Nonlinear Granger causality are also applied by some other scholars [43, 44] .
In order to identify any nonlinear Granger causality relationship from any two vector series, x t = (x 1,t , x 2,t ) and y t = (y t ) , we first use the linear model for {x t } and y t to identify their linear causal relationships and obtain the corresponding residuals, {ε 1t } and {ε 2t }. Thereafter, we apply a nonlinear Granger causality test to the residual series, {ε 1t } and {ε 2t }, of the two examined variables to identify the remaining nonlinear causal relationships between their residuals. We denote X t = (X 1,t , . . . , X n1,t ) and Y t = (Y 1,t , . . . , Y n2,t ) to be the corresponding residuals of any two vectors of the examined variables.
We first define the lead vector and lag vector of a time series, say X i,t , as follows: for X i,t , i = 1, . . . , n 1 , the m x i -length lead vector and the L x i -length lag vector of X i,t are X
The m y i -length lead vector, Y
, of Y i,t , and M y , L y , m y , and l y can be defined similarly. Using this modeling approach, we extend [36, 37, 42, 45] to derive the following statistic,
to test the null hypothesis, H 0 , that Y t = (Y 1,t , . . . , Y n2,t ) does not strictly Granger cause X t = (X 1,t , . . . , X n1,t ) . [37, 38] have more information on the test statistic.
Empirical Results and Discussion
Unit Root Test
We employ the classical unit root augmented Dickey-Fuller (ADF) test to examine whether there is any unit root in the market capitalizations and the market indices for the "before" and "after periods" and for all markets by taking into consideration the following conditions: "without a constant and trend", "a constant", and "both a constant and trend". The results of the ADF tests are presented in Table 2 . From the table, the null hypothesis that the series is non-stationary cannot be rejected for market capitalizations, market indices, and for all markets in both periods. However, the hypothesis that the first differences of market capitalizations and market indices are non-stationary is rejected in all markets and in both periods, regardless of allowing for a constant, both a constant and trend, or none of these. This suggests that market capitalizations and market indices are I (1) for all markets in both periods. The critical ADF values are based on one-sided p-value. *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Table 3 presents the results of the cointegration test for the market capitalizations and the major market indices of the Hong Kong, Shanghai, and Shenzhen markets in both periods, "before" and "after". In the Johansen cointegration test, different numbers of lags and different informational criteria could suggest different lag lengths for the explanatory variable; moreover, the different criteria could cause conflicting results. In order to circumvent this limitation, we use Lag 1 to Lag 4 when applying the Johansen cointegration test for each variable. With regard to market capitalization, the Hong Kong, Shanghai, and Shenzhen markets are cointegrated at the 10% significance level at least in the "before" and "after" periods. With regard to market indices, the Hong Kong, Shanghai, and Shenzhen markets are cointegrated at the 10% significance level at least in the "after" period and are not cointegrated in the "before" period. This finding infers that the Shanghai-Hong Kong Stock Connect has a significant impact on the market indices, but not on the market capitalizations, of the Hong Kong, Shanghai, and Shenzhen markets in the sense that the market indices of these markets become cointegrated after the introduction of the Shanghai-Hong Kong Stock Connect but are not cointegrated before its introduction. Nonetheless, the market capitalizations of the Hong Kong, Shanghai, and Shenzhen markets are cointegrated before and after the introduction of the Shanghai-Hong Kong Stock Connect. Alternatively, we can say that the introduction of the Shanghai-Hong Kong Stock Connect has no effect on the cointegration of the market capitalizations in the Hong Kong, Shanghai, and Shenzhen markets. We conduct the Engle-Granger two-step cointegration test as a complementary analysis to the Johansen cointegration test. Table 4 presents the results for each of the variables and for different pairs of markets for the "before" and "after" periods. The results suggest that a cointegration relationship exists between Hong Kong and Shanghai and between Hong Kong and Shenzhen for the market capitalizations and market indices in the "after" period but not in the "before" period. These results are consistent with those in Table 3 and provide more information. First, the results of Tables 3 and 4 are the same for the market indices such that the Shanghai-Hong Kong Stock Connect has a significant impact on the market indices of the Hong Kong, Shanghai, and Shenzhen markets in the sense that the market indices of these markets become cointegrated after the introduction of the Shanghai-Hong Kong Stock Connect but are not cointegrated before its introduction. However, Table 3 shows that the market capitalizations of the Hong Kong, Shanghai, and Shenzhen markets are cointegrated before and after the introduction of the Shanghai-Hong Kong Stock Connect, while Table 4 shows that the market capitalizations between the Hong Kong and Shanghai markets and between the Hong Kong and Shenzhen markets are cointegrated after, but not before, the introduction of the Shanghai-Hong Kong Stock Connect. Readers may regard these results as contradictory because Table 4 shows that the market capitalizations between the Hong Kong and Shanghai markets and between the Hong Kong and Shenzhen markets are not cointegrated before the introduction of the Shanghai-Hong Kong Stock Connect, while Table 3 shows that the market capitalizations of the Hong Kong, Shanghai, and Shenzhen markets are cointegrated in the "before" period. Nonetheless, we note that the results are still consistent. For example, the market capitalization between Hong Kong and Shanghai is not cointegrated in the "before" period; however, after including Shenzhen, the market capitalizations of the Hong Kong, Shanghai, and Shenzhen markets are cointegrated in the "before" period. There is no contradiction. Overall, the results from Tables 3 and 4 conclude that the Shanghai-Hong Kong Stock Connect has a significant impact on the market indices and market capitalizations of the Hong Kong, Shanghai, and Shenzhen markets in the sense that in the pairings of Hong Kong-Shanghai and Hong Kong-Shenzhen, both variables are not cointegrated before the introduction of the Shanghai-Hong Kong Stock Connect but are cointegrated after its introduction. Nonetheless, the Shanghai-Hong Kong Stock Connect has a greater impact on the market indices of the Hong Kong, Shanghai, and Shenzhen markets in the sense that these market indices are not cointegrated before the introduction of the Shanghai-Hong Kong Stock Connect but are cointegrated after its introduction.
Cointegration
Linear Causality
Given the cointegration test results in Tables 3 and 4 , we employ VECM and VAR for the multivariate linear Granger causality test for the corresponding return data. Namely, we use the VECM for market capitalizations in the "before" and "after" periods and for market indices in the "after" period. Further, we apply VAR for the market indices in the "before" period. Because linear Granger causality test results are sensitive to the chosen number of lags [1, 46, 47] , we perform the test by applying Lag 1 to Lag 4 to ensure the persistence of the causality effect. Table 5 presents the results.
The results in Table 5 suggest that for market capitalizations, Shanghai and Shenzhen together strongly linear cause Hong Kong only in the "after" period; however, Hong Kong does not linear cause Shanghai and Shenzhen in the "before" and "after" periods. With regard to the market indices, Table 5 also indicates that Shanghai and Shenzhen together strongly linear cause Hong Kong in the "before" and "after" periods and that Hong Kong also strongly linear causes Shanghai and Shenzhen in the "before" period. In the "after" period, Hong Kong only weakly linear causes Shanghai and Shenzhen. Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Again, and as a complementary analysis to the multivariate linear causality tests for both variables, Tables 6 and 7 exhibit the results of the individual linear causality tests for each variable of different stock exchange pairs. The results in Table 6 suggest that for market capitalizations in the "before" period, Shenzhen strongly linear causes Hong Kong, while Hong Kong strongly linear causes Shanghai and weakly linear causes Shenzhen. In the "after" period, Table 6 suggests that Shanghai strongly linear causes Hong Kong, while Hong Kong strongly linear causes Shanghai and weakly linear causes Shenzhen. The results in Table 7 suggest that for the market indices, both Shanghai and Shenzhen strongly linear cause Hong Kong separately, but Hong Kong does not linear cause either Shanghai or Shenzhen in the "before" period. In the "after" period, both Shanghai and Shenzhen do not linear cause Hong Kong separately and Hong Kong does not linear cause Shanghai or Shenzhen. Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Table 4 shows the results of the pairwise cointegrations. However, for those pairs of variables that are cointegrated, we have to include the speeds of the adjustments in the ECM linear Granger causality model in Equation (3) . The estimates of the speeds of adjustments are given in Tables 8 and 9 for market capitalizations and market indices respectively. With regard to market capitalizations, the averages of the estimated speeds of adjustments in any market are smaller than 0.049 (in absolute value), implying that in general any movement away from the long-term equilibrium between the various market pairs is slow to correct. An estimate of 0.049, at the upper limit of the means, implies a 4.9% adjustment back to equilibrium in a given trading day. Similarly, for the market indices, the averages of the estimated speeds of adjustments in any market are smaller than 0.032 (in absolute value), implying that in general any movement away from the long-term equilibrium between the various market pairs is slow to correct. An estimate of 0.032, at the upper limit of the means, implies a 3.2% adjustment back to equilibrium in a given trading day. Shanghai does not linear cause Hong Kong n/a n/a n/a n/a Hong Kong does not linear cause Shanghai n/a n/a n/a n/a Shenzhen does not linear cause Hong Kong n/a n/a n/a n/a Hong Kong does not linear cause Shenzhen n/a n/a n/a n/a Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively. Shanghai does not linear cause Hong Kong n/a n/a n/a n/a Hong Kong does not linear cause Shanghai n/a n/a n/a n/a Shenzhen does not linear cause Hong Kong n/a n/a n/a n/a Hong Kong does not linear cause Shenzhen n/a n/a n/a n/a Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.
Null Hypothesis (After)
Shanghai
Nonlinear Causality
We suggest that linear and nonlinear causality relationships could be independent in the sense that the existence of a linear causality relationship does not infer the existence of a nonlinear causality relationship and vice versa. Therefore, we propose investigating whether there is any change in nonlinear causality relationships after the introduction of the Shanghai-Hong Kong Stock Connect. Consequently, we report in Table 10 the results of the multivariate nonlinear Granger causality tests of different markets' market capitalizations and stock indices. We find that for market capitalizations and market indices, Shanghai and Shenzhen strongly nonlinearly cause Hong Kong in the "before" and "after" periods, while Hong Kong strongly nonlinearly causes Shanghai and Shenzhen in the "before" period and only weakly nonlinearly causes Shanghai and Shenzhen in the "after" period. Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.
Again, and as a complementary analysis to the nonlinear Granger causality tests for all three stock exchanges, Tables 11 and 12 present the results of the individual nonlinear Granger causality tests for market capitalizations and the market indices respectively for each stock exchange pair. Table 11 suggests that for market capitalizations, Shanghai-Hong Kong and Shenzhen-Hong Kong are two interactive pairwise markets in which strong bi-directional nonlinear Granger causalities are found in the "before" period. In the "after" period, Table 11 suggests that Shanghai and Shenzhen strongly nonlinearly cause Hong Kong individually, while Hong Kong only weakly nonlinearly causes Shanghai and Shenzhen individually. Notes: The *, **, and *** denote the significance at 10%, 5% and 1% levels, respectively.
With regard to the market indices, Table 12 suggests that Shanghai-Hong Kong and Shenzhen-Hong Kong are two interactive pairwise markets in which strong bi-directional nonlinear Granger causalities are found in the "before" period. In a similar way to market capitalizations (see Table 11 ), Table 12 indicates that Shanghai and Shenzhen strongly nonlinearly cause Hong Kong individually, while Hong Kong only weakly nonlinearly causes Shanghai and Shenzhen individually. Notes: *, **, and *** denote significance at the 10%, 5%, and 1% levels, respectively.
Conclusions
We summarize all our empirical results in Tables 13 and 14 . Table 13 shows that for market capitalization, Shanghai and Shenzhen exist a high degree of cointegration with Hong Kong before and after the implementation of the Stock Connect Scheme. As for causality, the strong effect found before the rollout of the Scheme under the nonlinear analysis from Shanghai and Shenzhen to Hong Kong (SH, SZ ⇒ HK) remains unchanged during the post implementation period. However, the nonlinear causality effect from Hong Kong to Shanghai and Shenzhen (HK ⇒ SH, SZ) decreased after the implementation of the Stock Connect Scheme. With regard to the market indices, no cointegration is found before the Stock Connect Scheme. However, Shanghai and Shenzhen exhibit a high degree of cointegration with Hong Kong after the rollout of the scheme. Regarding causality effect, a bi-directional causality relationship between Shanghai/Shenzhen and Hong Kong (SH, SZ ∆ HK) is found before the rollout of the Stock Connect Scheme, despite whether it is obtained from linear or nonlinear analysis. However, such causality relationship is changed where a uni-directional causality from Shanghai and Shenzhen to Hong Kong (SH, SZ ⇒ HK) dominates after the implementation of the Stock Connect Scheme. Therefore, the causality effect from Hong Kong to Shanghai and Shenzhen (HK ⇒ SH, SZ) diminished after the rollout of the Scheme. Table 14 shows the pairwise test results. From both market capitalization and market index perspectives, neither the Shanghai nor the Shenzhen market is cointegrated with Hong Kong market before the implementation of Stock Connect Scheme. However, on a pairwise base, cointegration relationships for Shanghai/Hong Kong and Shenzhen/Hong Kong are found after the rollout of the scheme. The findings from pairwise test support the view that the Stock Connect Scheme has a significant impact on both market capitalizations and market indices of the Hong Kong, Shanghai, and Shenzhen markets. The Hong Kong stock market is still relevant to understand and predict China stock market after the implementation of the Stock Connect Scheme.
This principal contribution of this study lies in the development of a model that makes it possible to capture the degree of integration between the Chinese and Hong Kong stock markets following the implementation of the Shanghai-Hong Kong Stock Connect. Our results suggest that market integration has evolved progressively. Over the past three decades, Hong Kong has gradually become a means for international investors to access Chinese assets. The Stock Connect Scheme is an innovative move with significant impacts to both Hong Kong and mainland stock markets. Policy makers lay out a broad strategy of market-oriented reform but in a manner that is controllable and expandable for cross-border Renminbi (RMB) flow by connecting Mainland market to international investors. It paves the way and is a natural consequence of steps that China is taking to open-up its capital account and facilitate the move towards RMB internationalization, which is critical both to the political and economic developments of China. The design of the Stock Connect Scheme provides a sustainable and scalable model for further expansion to world's major stock markets. Therefore, it is unsurprising to see the correlation of market capitalization occurring before the introduction of the Stock Connect Scheme as a positive development resulting from a wider investor base. It is also perhaps not that surprising to see the non-stationary observation of market index performance before the introduction of the scheme. This situation is reflected in the gradual growth of H-shares in the leading index constituents.
Further, as time has passed, the restrictions on accessing mainland markets have eased; thus, overseas investors can now access China's A-share market via a qualified quota known as QFII. Likewise, the introduction of RQFII in 2011 has allowed an investment outflow to international markets. In addition, higher levels of such co-movements are expected. Figures 2 and 3 show the growth of the QFII and RQFII quotas, respectively.
One of the obvious observations is that the weakening of the investment outflow from Hong Kong to China after the introduction of the Stock Connect Scheme also weakens Hong Kong's influence on China. While this study's tests generally agree on the evidence of linear causality for market capitalizations and the market indices before and after the introduction of the Stock Connect Scheme from China to Hong Kong, it is interesting to find nonlinear cases from 2015 onward that suggest a bilateral and possibly nonlinear degree of causal influence on each market. Heuristically, the speed of capital flow from one market to another and the difference in the H-share and A-share premium (see Figure 4) could drive the direction of funds. On the one hand, it is not difficult to see how Hong Kong has provided cheaper asset-buying opportunities in the past decade; on the other, the change in share premium difference between mainland China's domestic A-share markets and Hong Kong's H-share market could direct investors' appetites or sentiments. It is suggested here that these are aspects for further research in order to establish the type of nonlinear functional relationship and the dynamic drivers of such relationships.
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